We have previously shown that the medium used for culturing IVF embryos affects the birthweight of the resulting newborns. This observation with potentially far-reaching clinical consequences during later life, was made in singletons conceived during the first IVF treatment cycle after the transfer of fresh embryos. In the present study, we hypothesize that in vitro culture of embryos during the first few days of preimplantation development affects perinatal outcome, not only in singletons conceived in all rank order cycles but also in twins and in children born after transfer of frozen embryos. Furthermore, we investigated the effect of culture medium on gestational age (GA) at birth.
Introduction
The first live born after IVF, frozen embryo transfer (FET) and ICSI were reported in 1978 ICSI were reported in , 1984 ICSI were reported in and 1992 (Steptoe Edwards, 1978; Zeilmaker et al., 1984; Palermo et al., 1992) . Ever since, the use of assisted reproduction technologies (ARTs) has risen substantially. In 2006, ,30 years after the birth of the first IVF child, the European IVF-monitoring Consortium reported 117 318 treatment cycles with IVF, 232 844 treatment cycles with ICSI and 86 059 FETs (de Mouzon et al., 2010) . In 2006, 1.0 -4.1% of all newborns in Europe were associated with in vitro techniques (de Mouzon et al., 2010) . Therefore, it is important to monitor the consequences of handling gametes and embryos during ART. IVF singletons, when compared with naturally conceived singletons, are at significantly increased risk of low birthweight (LBW), preterm birth, small for gestational age (SGA), perinatal mortality (Jackson et al., 2004; McDonald et al., 2009 ) and birth defects (Rimm et al., 2004; Hansen et al., 2005) . LBW is associated with chronic diseases expressed later in life, e.g. cardiovascular disease, hypertension and type 2 diabetes (Barker, 2004) , while preterm birth is associated with increased morbidity, mortality and diminished long-term survival and reproduction (McIntire and Leveno, 2008; Swamy et al., 2008) . Moreover, dizygotic IVF twins have a worse perinatal outcome when compared with naturally conceived dizygotic twins, such as increased risks of LBW and preterm birth (Hansen et al., 2009; Kallen et al., 2010; McDonald et al., 2010b) . However, some studies did not find an unfavourable outcome in IVF twins when they restricted their analyses to dizygotic pairs (Pinborg et al., 2004; Boulet et al., 2008) . When children born after FET are compared with those born after fresh embryo transfer, the perinatal outcome after FET appears to be similar or even improved, especially regarding LBW and preterm birth (Wennerholm et al., 2009; Pelkonen et al., 2010; Pinborg et al., 2010) . However, the outcome after FET seems poorer when compared with naturally conceived singletons (Pelkonen et al., 2010; Pinborg et al., 2010) . The cause of these unfavourable pregnancy and neonatal outcomes might be attributed to one or more aspects of the reproductive technology itself (hormonal stimulation, in vitro culture and embryo transfer) or to patient-related factors (Thomson et al., 2005; De Geyter et al., 2006; Ombelet et al., 2006; Romundstad et al., 2008; Pelinck et al., 2010) . Parameters of ovarian stimulation as part of an IVF treatment (duration of stimulation, consumption of gonadotrophins and number of oocytes retrieved) have been studied and appear not to be associated with birthweight (Griesinger et al., 2008) . Recently, we have shown that in IVF cycles with transfer of fresh embryos, the culture medium used during the first 2 -3 days affects birthweight (Dumoulin et al., 2010) . In the patients' initial IVF treatment cycles, we found that Vitrolife culture medium was significantly associated with increased birthweight when compared with Cook medium (Dumoulin et al., 2010) . This remarkable finding with potentially far-reaching consequences needs to be confirmed in a larger prospective intervention study. Therefore, a multi-centre trial has been initiated recently. Meanwhile, we investigated this finding in a larger cohort and other readily available groups. The aim of our present study was to investigate in a larger cohort whether the same culture medium-dependent effect on birthweight and possibly also on GA, occurs in live born singletons after transfer of fresh embryos, irrespective of the IVF treatment cycle rank order. This could be a confounder since patients not conceiving in their first treatment cycle might consist of a selected group of patients with different characteristics when compared with couples who do conceive. In addition, the influence of different culture media on perinatal outcome of twin pregnancies as well as pregnancies after transfer of frozen embryos was studied. Our hypothesis is that in vitro culture of embryos during the first few days of preimplantation development affects perinatal outcome, not only in singletons after transfer of fresh embryos but also in twins and in children born after transfer of frozen embryos.
Materials and Methods

Study design
In the present prospective cohort study at the Maastricht University Medical Centre (MUMC), all treatment cycles from couples undergoing IVF or ICSI from July 2003 to December 2006 were assigned alternately to culture media from Vitrolife AB (Gö teborg, Sweden) or Cook (Brisbane, Australia). These two sequential culture media were commercially available and both are widely used. By strictly alternating, treatment allocation to one of the two media was performed on the day preceding the ovum pick up by laboratory technicians unaware of patient characteristics. In contrast, the order of ovum pick-ups on a certain day, which directly determined the allocation to a study group, was planned by clinical personnel unaware of the laboratory allocation procedure. This alternating allocation to one of the two media was part of our internal quality monitoring system in order to be able to identify suboptimal batches of a particular medium. In the present analysis, results of all IVF treatment cycles meeting the inclusion criteria and resulting in a live born child were included. Data analysis was performed on the outcome of all singleton pregnancies resulting from both fresh and cryopreserved embryo transfers as well as twin pregnancies resulting from fresh embryo transfers. All participating couples gave written informed consent for the use of their data. The local medical ethics committee approved the collection of data for quality monitoring purposes as part of our IVF treatment protocol.
Study population and data collection
During the study period, with the exception of a few cases, only patients of ≤40 years of age and with a BMI of ,30 kg/m 2 , were admitted to our IVF program and included in the study. Patients applying for preimplantation genetic diagnosis or requiring donor oocytes were excluded from the study. Smoking habits and parental weight and height were recorded at the start of each IVF treatment cycle. Only data from singletons and twins born alive after the 20th week of gestation were included in the data analysis. Furthermore, data from only one singleton or pair of twins per couple were used in the data analysis. Thus, each couple could contribute only one pregnancy to this study. Pregnancies lost to follow-up were excluded from data analysis. After delivery, the obstetricians or midwives were contacted to obtain information about complications during pregnancy (gestational diabetes, hypertension and pre-eclampsia) and perinatal outcomes (birthweight, GA and gender).
IVF procedures
Except for the media, exactly the same ovarian stimulation, fertilization, culture and embryo transfer procedures were applied in both groups. Detailed IVF procedures and embryo culture procedures have been described earlier (Dumoulin et al., 2010) . Briefly, patients received long down-regulation with GnRH agonists and underwent ovarian stimulation with recombinant FSH. Thirty-six hours after HCG injection, ultrasoundguided oocyte retrieval was carried out and luteal support consisted of Culture medium influences perinatal outcome vaginally administered progesterone. In case of a pregnancy, progesterone was continued until 7 weeks of gestation. The day before oocyte retrieval, dishes containing droplets of culture medium were prepared. 
Definitions
GA was calculated from the day of oocyte retrieval which was defined as Day 14 of the cycle. GA in a frozen cycle was calculated from the day of embryo transfer which was defined as Day 17 (due to cryopreservation on Day 3). Clinical pregnancy was defined as the presence of fetal heart activity on ultrasound performed 5 -6 weeks after embryo transfer. Preterm birth and very preterm birth were defined as delivery before 37 and 32 completed weeks of gestation, respectively. LBW, very low birthweight (VLBW) and high birthweight (HBW) were defined as birthweight ,2500, ,1500 and .4500 g, respectively. SGA was defined as birthweight below the 10th percentile for GA, whereas very SGA infants were defined as below the 3rd percentile. Large for GA (LGA) and very LGA infants were defined as above the 90th percentile and 97th percentile, respectively (Oken et al., 2003) . In case of a twin pregnancy, the inter-twin birthweight disparity was calculated in grams and as a percentage. The inter-twin percentage birthweight disparity was calculated by the difference in birthweight divided by the weight of the larger twin and then multiplied by 100. Birthweight discordance of twins was defined as .25% difference in birthweight of the two children (Blickstein and Kalish, 2003) . Congenital defects were classified as major malformations when they caused functional impairment or required surgical correction. The remaining congenital defects were considered minor (Bonduelle et al., 2002) .
Statistical analysis
Crude differences of the primary (birthweight and GA) and the secondary outcomes (SGA, LGA, congenital defects, birthweight disparity in case of twins) between both study groups were tested by use of the Student's t-test in the case of continuous variables. For binary variables, we used the x 2 test or in case of sample sizes lower than five observations per cell the Fisher's exact test. When appropriate, Yates' correction was applied. Two-sided P , 0.05 was considered to indicate statistical significance. A relative risk was calculated to compare the rate of events occurring at any given point in time. In case of two quantitative discrete variables, the relative risk could be calculated, however, not in case of continuous variables or zero numbers. To compare singleton children born at different GAs and from different genders, a z-score (weight of individual child minus median weight of a reference population of children born at the same GA and of the same gender divided by standard deviation) was assigned to each child (Oken et al., 2003; Land, 2006) . In singletons, the associations of type of culture medium with birthweight and GA at delivery were further analysed by the use of multiple linear regression, while controlling for the following covariates: fertilization method (IVF or ICSI), maternal and paternal height, weight, smoking and age, gender, number of transferred embryos, day of embryo transfer (second or third), primary or secondary subfertility, treatment cycle rank order, pregnancy complications (gestational diabetes, hypertension and pre-eclampsia), cause of subfertility and duration of subfertility. Where birthweight was the outcome, we additionally controlled for GA at delivery. b is the regression coefficient. These regression coefficients are the estimates resulting from an analysis carried out on variables that have been standardized (so that their variances are 1) to be able to investigate the effect of independent variables which are measured in different units of measurement (e.g. maternal height in cm and duration of subfertility in years). We performed checks of normality of the distributions of residuals and of homogeneity of the variance (homoscedasticity) by means of the Shapiro-Wilk test and White test. No Bonferroni adjustments were applied for multiple testing (Rothman et al., 2008) .
Results
Patient and cycle characteristics
A total of 1432 IVF treatment cycles of which 715 were allocated to culture in Vitrolife medium and 717 allocated to culture in Cook medium were performed during the study period and resulted in 210 and 168 clinical pregnancies after fresh embryo transfer respectively ( Fig. 1 ). Pregnancy losses before the 20th week of gestation (10 in Vitrolife and 10 in Cook) and stillborn children after 20 weeks of gestation (two in Vitrolife and three in Cook) were excluded. A few couples had more than one delivery during the study period. These additional deliveries were excluded (nine in Vitrolife versus three in Cook group). Thus, each couple contributed only one pregnancy to this study. The outcome of one pregnancy after transfer of fresh embryos in the Cook group was unknown. This resulted in 189 live births in the Vitrolife group versus 151 in the Cook group. Despite transfer of maximum two embryos, we recorded two triplet pregnancies (one in each study group), which were excluded from all analyses as well. The remaining pregnancies (188 in Vitrolife versus 150 in Cook) resulted in a total of 168 live born singletons and 20 twins in the Vitrolife group versus 126 singletons and 24 twins in the Cook group. Of the 294 live born singletons, 188 children were born after the first IVF treatment cycle. These data have already been published (Dumoulin et al., 2010) . In the present study, we further analysed the total cohort of 294 children conceived in all rank order cycles and the smaller subgroup of 106 children born after fresh embryo transfer in treatment cycles 2, 3 and 4 (58 in the Vitrolife group and 48 in the Cook group). Parent and cycle characteristics are shown in Table I . Parental height and weight were slightly higher in the Vitrolife group. There were more women smoking ≥10 cigarettes per day in the Vitrolife group, while more men were smoking ≥10 cigarettes per day in the Cook group. The rate of single embryo transfer (SET) was higher in the Cook group.
In the 44 twin pregnancies, no differences in maternal and paternal age, height and weight and duration of subfertility were found between the two groups (data not shown).
Transfer of thawed embryos frozen during the study period resulted in 67 singleton live borns (22 in Vitrolife versus 45 in Cook). Couples could participate only once in our study, which means that all these 67 couples had not conceived after fresh embryo transfer. In contrast with the fresh embryo transfer cycle characteristics, in FET cycles paternal height and weight were slightly higher in the Cook group compared with the Vitrolife group (Table II) .
Pregnancies
The occurrence of pregnancy complications (gestational diabetes, hypertension and pre-eclampsia), was similar in both groups after fresh embryo transfer [14 (8.3%) and 2 (10.0%) in the Vitrolife group versus 9 (7.1%) and 1(4.2%) in the Cook group for singleton and in twin pregnancies, respectively] as well as after FET [1 (4.6%) in the Vitrolife group and 2 (4.4%) in the Cook group].
The number of vanishing twins after fresh embryo transfer was two in the Vitrolife group and one in the Cook group. After FET, there was one vanishing twin in the Vitrolife group and three in the Cook group.
Perinatal outcome
Singletons
Perinatal outcome of all singletons after fresh transfer in our study cohort, 168 in the Vitrolife group and 126 in the Cook group, is presented in Table III . Mean difference in birthweight between Vitrolife and Cook was 183 g. Mean birthweight as well as mean birthweight adjusted for GA and gender (z-score), were different between the study groups when all cycles were analysed (P ¼ 0.006 and P ¼ 0.007). The shift in birthweight distribution between the two media is visualized in Fig. 2 . Furthermore, there were significantly more singletons with LBW (P ¼ 0.006) and also with LBW for GA ≥37 weeks (P ¼ 0.015) in the Cook group. Even in the smaller subgroup of IVF treatment cycle .1 (cycles 2-4), the frequency of LBW was statistically significantly different between the study groups (P ¼ 0.029). On the other hand, although statistically not significant, five children in the Vitrolife group had a HBW compared with no children in the Cook group. The rate of children with congenital defects was not different between groups. Major malformations were seen in 6 singletons (2 in the Vitrolife group and 4 in the Cook group), whereas minor malformations were seen in 15 singletons (8 in Vitrolife and 7 in Cook).
We performed a multiple linear regression analysis with parity, pregnancy complications, GA, characteristics of both parents (age, weight, height and smoking habits), duration of subfertility, cause of subfertility, fertilization method (standard IVF or ICSI), cycle rank order, day of embryo transfer (second or third), number of transferred embryos (one or two), culture medium and gender as possible covariates (Table IV) .
Adjusted birthweight difference was 112 g in favour of the Vitrolife medium [95% confidence interval (CI): 11 -214 g, P ¼ 0.03]. As pregnancy complications may theoretically be on the causal pathway between the type of medium and lower birthweight, we also performed an analysis without this factor. The results were very similar (change of 0.1 g). The Shapiro-Wilk test and White test indicated that residuals were distributed normally and that there was no important heteroscedasticity (P-values 0.12 and 0.76, respectively). Besides the type of culture medium, GA (P , 0.0001), gender (P , 0.001), parity (P , 0.001) and height of the mother (P ¼ 0.008) were significantly associated with birthweight. Mean difference in GA between Vitrolife and Cook was 0.15 weeks. Multiple linear regression with GA at birth as an outcome indicated that there was no important difference between the two culture media (adjusted difference 0.05 weeks, 95% CI 20.38 to 0.48 weeks) (Table IV) . GA appeared to be positively related to maternal weight (per kg) (adjusted difference 0.03 weeks, 95% CI 0.01 -0.05 weeks, P ¼ 0.02). Again, results were similar with or without inclusion of pregnancy complications among the covariates. There was no heteroscedasticity according to the White test (P . 0.99), but, for this outcome, residuals were not distributed normally (Shapiro-Wilk test, P , 0.0001). Although linear Figure 1 Flow chart of the study (fresh embryo transfer).
Culture medium influences perinatal outcome regression is usually robust to violation of the normality assumption, we performed an additional logistic regression analysis with the same covariates in order to confirm our observations. As expected, the risk of preterm birth was similar for children conceived in either medium [odds ratio (OR) 0.96, 95% CI 0.27 -3.53 for Cook versus Vitrolife, P . 0.05].
Since a sex-related growth difference has been found in human blastocysts after ICSI with higher mean cell log numbers per male embryo (Dumoulin et al., 2005) , one might question whether gender or fertilization method interacts between culture medium and birthweight. In this post hoc subgroup analysis, no significant effect of gender was seen, although the birthweight of boys (b ¼ 2152 g, P ¼ 0.06) seemed to be more affected by culture medium than that of girls (b ¼ 271 g, P ¼ 0.32). In a second post hoc subgroup analysis, we investigated the potential interaction between the fertilization method (IVF or ICSI) and the culture medium. Again, no significant interaction was observed, but after IVF the impact of the culture medium on birthweight seemed to be larger (b ¼ 2192 g, P ¼ 0.06) than after ICSI (b ¼ 238 g, P ¼ 0.54). Both observations need to be investigated in larger studies.
To further evaluate the possibility that differences in preimplantation embryonic growth in both media could be a confounding factor, we performed a post hoc analysis on a subgroup of 113 children who were born from singleton pregnancies resulting from fresh SET at Day 2 of development. The following embryonic growth parameters were added as covariates in the multiple linear regression analysis model: cleavage stage and morphological grade (1 -4, with grade 4 being the best grade). In this selected group, GA (P , 0.001), gender of the infant (P ¼ 0.047), weight of the mother (P ¼ 0.044) and type of culture medium (P ¼ 0.029) were significantly associated with birthweight (multiple correlation coefficient R ¼ 0.689), while all other covariates including embryonic growth parameters were not.
Twins
Among the 88 children from 44 twin pregnancies, in the Cook group mean birthweight appeared lower and the number of LBW children significantly higher than in the Vitrolife group (P . 0.05) ( Table V) . The inter-twin mean birthweight disparity was significantly higher in the Cook group compared with the Vitrolife group when calculated in grams (P ¼ 0.045). In the Vitrolife group, no twins were discordant for birthweight, while in the Cook group six twins were discordant (P ¼ 0.019), three twins of same-sex and three of opposite-sex. Birthweight discordance is generally more common in spontaneously conceived monozygotic twins compared with dizygotic twins (Rydhstroem, 1996) . A post hoc subgroup analysis without the two monozygotic twins in the Vitrolife group and one in the Cook group, revealed that the number of discordant twins in both groups did not change (P ¼ 0.022). Major malformations were seen in four children (two in the Vitrolife group and two in the Cook group), whereas minor malformations were seen in three children (one in Vitrolife and two in Cook).
Singletons after cryopreservation
The perinatal outcome of 67 singletons born after FET was analysed (22 in the Vitrolife group and 45 in the Cook group) ( Table VI) . The z-score (mean birthweight adjusted for GA and gender) was 0.18 + 0.21 in the Vitrolife group compared with 20.04 + 0.14 in the Cook group (P . 0.05). None of the other neonatal characteristics in Table II were statistically significantly different between the study groups. Major malformations were seen in two singletons after FET (both in the Vitrolife group), whereas minor malformations were seen in two singletons (one in each group).
Discussion
The main findings of this study are that in vitro culture of embryos in media from Cook resulted in singletons with a lower mean birthweight (adjusted mean difference 112 g), and more singletons with a LBW (,2500 g) and LBW for GA ≥37 weeks, when compared with singletons born after culture in medium from Vitrolife AB. These results are consistent with our previous findings, based on the first IVF treatment cycles with transfer of fresh embryos (Dumoulin et al., 2010) . There also appears to be a trend toward LGA in the Vitrolife group, which requires further study. GA at birth was not influenced by the Culture medium influences perinatal outcome culture medium used, but appeared to be positively related to maternal weight. A decreased risk of spontaneous preterm birth in overweight or obese women has been described before (Hendler et al., 2005) , although a meta-analysis found an opposite effect (McDonald et al., 2010a) . The negative effect of paternal smoking on GA is difficult to interpret. Presumably, this is a false-positive finding. Although GA is an important factor for birthweight, it was unrelated to culture medium and therefore did not act as a confounder. Also, cycle rank order was no confounder. Among twins in the Cook group, a trend towards a lower mean birthweight and higher numbers of LBW children was seen. Statistical significance was not reached, possibly due to small numbers. Interestingly, we found a significantly higher inter-twin mean birthweight disparity and birthweight discordance among twins in the Cook group compared with the Vitrolife group. It is difficult to interpret the present finding of a higher birthweight discordance among twins in the Cook group, but fetal or placental dissimilarity perhaps induced by culture medium could be a plausible hypothesis. Birthweight discordance in twins is associated with adverse neonatal outcomes, such as LBW, VLBW, neonatal intensive care unit admission and neonatal mortality (Amaru et al., 2004 ). There appears to be no significant difference in birthweight discordance between IVF and non-IVF dizygotic twins (Suzuki and Murata, 2007; Kallen et al., 2010) , although others found a higher discordance rate among IVF twins (Koudstaal et al., 2000; Pinborg et al., 2004) . Birthweight discordance might be caused by sex differences. However, in our results, discordance was seen in three opposite-sex and three same-sex twins, which is in agreement with the findings of Pinborg et al. (2004) that the risk of discordant birthweight in opposite-sex and same-sex IVF twins is similar.
When we compared the z-scores of the singletons born after FET (0.18 + 0.21 in Vitrolife versus 20.04 + 0.14 in Cook, P . 0.05) with the z-scores of those born after fresh transfer (0.05 + 0.08 in Vitrolife versus 20.265 + 0.08 in Cook, P ¼ 0.007), the birthweight of the newborns appeared to be increased after FET in both study groups, which is in agreement with the existing literature regarding similar or even improved perinatal outcomes after FET (Wennerholm et al., 2009; Pelkonen et al., 2010; Pinborg et al., 2010) . However, also after FET, a trend towards lower z-scores was noted in the Cook group compared with the Vitrolife group. This was not statistically significant, probably due to the small sample sizes in the FET group. Because a similar differential effect of these culture media is even seen in the FET group, these findings support our hypothesis that culture medium affects perinatal outcome.
We recognize that our study has limitations with respect to the allocation procedure, being a strictly alternate-case, quasi-random one. However, as allocation was performed with two-sided allocation concealment and blinding, although not perfect, this alternate allocation to one of two media closely approaches an optimal randomization procedure. The single-centre nature of our study limits generalizability, which has led to the initiation of a multi-centre trial. This study enables a reliable comparison of the effects of two commercially available embryo culture media since exactly the same ovarian stimulation, fertilization, culture and embryo transfer procedures were applied in both groups. Furthermore, we were not only able to investigate the influence of embryo culture media on the perinatal outcome of pregnancies after fresh embryo transfer, but also of pregnancies after FET. Our data show a comparable, culture mediumdependent influence on fresh singletons, twins as well as a similar trend in case of FET singletons. Although the effect of the type of culture medium was not significant in all analysed subgroups, the direction of the difference always remained consistent and never displayed a reversed effect.
To our knowledge, this study and a previous one of our group (Dumoulin et al., 2010) have been the first to have documented the influence of culture medium on the birthweight of IVF singletons in the human. Several animal studies have been performed to address this issue. Different culture conditions, mainly achieved by the addition of serum, have led to an increased birthweight in sheep and cattle, and a decreased birthweight in mice (Khosla et al., 2001; Rooke et al., 2007) . An explanation for these culture medium-induced effects could be that in vitro culture leads to epigenetic disturbance which in turn might affect developmental programming of fetal and placental tissues. Preimplantation embryo culture has been shown to affect methylation and expression of imprinted genes in several animal models (Khosla et al., 2001; Young et al., 2001; Mann et al., 2004; Fauque et al., 2010) .
Over the past decades, mammalian embryo culture conditions have improved, e.g. by optimizing the composition of chemically defined culture media, investigating the role of oxygen tension, supplementation of amino acids, addition of proteins and possibly the use of sequential media systems to mimic the dynamic in vivo environment of early embryo development in the oviduct (Lane and Gardner, 2007; Biggers and Summers, 2008; Sepulveda et al., 2009; Hambiliki et al., 2011; Hentemann et al., 2011; Wirleitner et al., 2010) . Furthermore, culture media containing a stable glutamine derivate and vitamins or the use of HSA and serum substitute supplement might improve embryonic development (Hashimoto et al., 2008) and increase implantation and live birth rates, respectively (Meintjes et al., 2009) . Despite all these developments, current culture media used in mammalian ART remain suboptimal, given the reduced pregnancy rates, reduced viability and growth and aberrant expression patterns of cultured embryos when compared with in vivo-produced embryos (Ho et al., 1995; Walker et al., 1996; Boerjan et al., 2000; Khosla et al., 2001; Bertolini et al., 2002; Rinaudo and Schultz, 2004) . Recently, five commercial media systems were compared in a mouse model (Market-Velker et al., 2010) . All five culture systems had a varying, but compromised ability to maintain genomic imprinting in comparison with in vivo-derived mouse embryos (Market-Velker et al., 2010) .
In order to promote embryo growth in vitro, culture media are supplemented with growth factors, antioxidants, cytokines and vitamins, while full knowledge of human requirements is lacking. To date, specific concentrations of culture media components are usually proprietary. In the light of the data published here, we urge culture media manufacturers to take their responsibility and disclose the exact composition of IVF culture media systems.
Conclusion and future prospects
There are unfavourable pregnancy and neonatal outcomes after ART for which the underlying factors are still mainly undetermined. Our findings support our hypothesis that culture medium influences the perinatal outcome of IVF singletons and twins. This finding has not been confirmed so far for singletons born after FET, although a similar trend was seen. These results indicate that in vitro culture might be an important factor explaining the poorer perinatal outcome after ART. LBW is known to be associated with chronic diseases expressed later in life. Because the influence of culture media on human birthweight can be studied and culture media can be changed relatively easily, it is important to investigate their effects. Therefore, validation of our results by data from other IVF clinics is urgently needed. We are currently conducting a multi-centre trial to further investigate the effect of culture media. To optimize embryo culture media, it is crucial not only to determine the morphologic quality of both fresh and frozen embryos, their subsequent implantation and live birth rates and the perinatal outcome, but also to investigate the epigenetic effects in fetal and placental tissues following different ART treatment modalities. This might allow us to select the best embryo culture medium and to minimize or prevent short-term risks and maybe even disease susceptibility in later life.
